Bicolor flowering dahlias are a group of cultivars that produce inflorescences with bicolored petals characterized by a colored basal part and a white tip. However, they frequently produce single-colored petals, even if they are vegetatively propagated. In a previous study, strong relationships between inflorescence color and leaf phenotype were observed in a red-white bicolor flowering dahlia 'Yuino'; red petal-producing individuals accumulate flavonoids in leaves, whereas only bicolor petal-producing individuals tend not to accumulate them in leaves. Flavonoids in leaves are assumed to be chalcones. In this study, we investigated flavonoids in the leaves of 'Yuino' by nuclear magnetic resonance analysis and identified six caffeoyl esters, four flavonol derivatives, and three novel butein derivatives in the flavonoid-rich leaves of 'Yuino'.
Introduction
Dahlia (Dahlia variabilis) is popular cut flower or garden plant because of the wide variation in its flower traits, such as shapes, sizes, and colors. In particular, the flower colors of cultivars of this species are diversified, and several cultivars have red, purple, pink, yellow, ivory white, black, variegated, and bicolor petals. Bicolor dahlia cultivars are a group of cultivars that produce inflorescences with petals exhibiting a colored base and a white tip. The prominent common characteristic of bicolor dahlia cultivars is the lability or instability of petal colors; in addition to original bicolor petals, they frequently produce single-colored petals without a white tip regardless of whether they are vegetatively propagated. This lability of petal color prevents uniform 'Yuino' was used for the present experiment. The cuttings of 'Yuino' were grown in the experimental field or greenhouse at Kyoto University (Kyoto, Japan). For NMR analysis, the leaves of the 'Yuino' R-line, which tend to produce red petals and to accumulate flavonoids in leaves with high frequency, retaining this characteristic through vegetative propagation (Ohno et al., 2016) , were used.
Isolation and purification of A-L
The freeze-dried leaves of 'Yuino' R-line (Ohno et al., 2016 ) (80 g) were immersed in methanol-water (1:1, v/v) (5 L) at room temperature for 1 day and extracted. A-L shown in Figure 1A were isolated and purified by paper chromatography (PC) and a Sephadex TM LH-20 (GE Healthcare Japan, Tokyo, Japan) column (35 × 300 mm) chromatography (CC). The amounts of purified A-L obtained from the leaves were as follows: A (7 mg), mixture of B-1 and B-2 (9 mg), C (0.5 mg), D (0.5 mg), E (9 mg), F (6 mg), G (12 mg), H (0.5 mg), I (18 mg), J (2 mg), K (3 mg), and L (7 mg).
Thin-layer chromatography (TLC) analysis
TLC was performed on plastic-coated cellulose sheets (Merck, Darmstadt, Germany) using seven mobile phases: 1) BAW (n-BuOH-HOAc-H 2 O, 4: (Harborne, 1984; Tatsuzawa and Hosokawa, 2016) .
High-performance liquid chromatography (HPLC) analysis
Analytical HPLC was performed on an LC 10A system (Shimadzu, Kyoto, Japan) using a Waters C18 (4.6 × 250 mm, Nihon Waters K. K., Tokyo, Japan) column at 40°C with a flow rate of 1 mL·min −1 and monitoring at 350 nm for polyphenols. The eluant was applied as a linear gradient elution for 40 min from 20% to 85% solvent B (1.5% H 3 PO 4 , 20% HOAc, 25% MeCN in H 2 O) in solvent A (1.5% H 3 PO 4 in H 2 O) with 5 min of reequilibration at 20% solvent B (method 1). The other eluant for 3-hydroxy-3-methylglutaric acid was applied as an isocratic elution of solvent A for 10 min and monitoring at 210 nm (method 2).
Spectroscopic analyses
Ultraviolet-visible spectra of flavonoids were recorded in MeOH, MeOH + NaOMe, MeOH + AlCl 3 , MeOH + AlCl 3 + HCl, MeOH + NaOAc, and MeOH + NaOAc + H 3 BO 3 (from 200 to 500 nm) using a UV-Vis Multi-Purpose Spectrophotometer (MPS-2450; Shimadzu). High-resolution fast-atom bombardment mass (FAB-MS) spectra were determined on a JEOL JMS-700 Mass spectrometer (JEOL, Ltd., Tokyo, Japan) operating in the positive ion mode using a 1:1 mixture of dithiothreitol and 3-nitrobenzyl alcohol as a matrix. 1 H (400 MHz) and 13 C (100 MHz) NMR spectra were measured on a JEOL AL-400 NMR spectrometer (JEOL, Ltd.) using CD 3 OD-d 4 and/or dimethyl sulfoxide (DMSO)-d 6 as a solvent. Chemical shifts are reported on the δ-scale from tetramethylsilane as the internal standard, and coupling constants (J) are in Hz.
Results
Over 30 peaks at 350 nm were obtained in the methanol-water (1:1, v/v) extracts from the freezedried flavonoid-rich leaves of 'Yuino' by HPLC analysis (Fig. 1A) . However, most peaks after 15 min of retention time were not detected from freeze-dried flavonoid-poor leaves (Fig. 1B) . We eventually identified 13 of these peaks from freeze-dried flavonoid-rich leaves, and the percentages of the identified peaks calculated as the total contents were 8.3% (A), 15.7% (B-1), 7.8% (B-2), 0.6% (C), 1.2%(D), 6.8% (E), 1.8% (F), 8.4% (G), 1.6% (H), 8.0% (I), 1.3% (J), 9.8% (K), and 3.1% (L) (Fig. 1A ). Compounds were extracted from 80-g freeze-dried flavonoid-rich leaves of 'Yuino' in 5-L methanol-water, followed by isolation using PC Hort. J. 87 (1): 140-148. 2018. and Sephadex TM LH-20 CC, and then analyzed by NMR. The chromatographic and spectroscopic properties of A-L are summarized below.
Known compounds 3-O-[(trans)-Caffeoyl]-glucaric acid (A)
Pale C-NMR(CD 3 OD-d 4 , int TMS, 100 MHz): Caffeic acid, δ128.2(C-1), 116.4(C-2), 147.2(C-3), 149.9(C-4), 117.2(C-5), 123.9(C-6), 114.9(C-7(α)), 148.4(C-8(β)), 168.9(C-9), Glucaric acid, 175.3(C-1'(6')), 71.8(C-2' (5')), 77.2(C-3'(4')), 74.0(C-4'(3')), 73.1(C-5'(2')), 176.0(C-6'(1')).
2-O-[(trans)-Caffeoyl]-glucaric acid (B-1)
Pale Caffeic acid, δ128.0(C-1), 115.1(C-2), 146.8(C-3), 149.8(C-4), 116.5(C-5), 122.9(C-6), 115.8(C-7(α)), 146.9(C-8(β)), 169.1(C-9), Glucaric acid, 171.8(C-1' (6')), 74.0(C-2'(5')), 72.9(C-3'(4')), 74.0(C-4'(3')), 72.2(C-5'(2')), 175.9(C-6'(1')).
5-O-[(trans)-Caffeoyl]-quinic acid (B-2) (neochlorogenic acid)
Pale J=3.2, 8.3 Hz, H-4'), 5.36(m, H-5'), 2.20(m, H-6'a), 2.17(m, H-6'b); 13 C-NMR(CD 3 OD-d 4 , int TMS, 100 MHz): Caffeic acid, δ127.8(C-1), 115.2(C-2), 146.9(C-3), 149.5(C-4), 116.5(C-5), 123.3(C-6), 114.3(C-7(α)), 148.2(C-8(β)), 168.5(C-9), Quinic acid, 74.0(C-1'), 41.4(C-2'), 68.5(C-3'), 74.7(C-4'), 73.0(C-5'), 36.8(C-6'), 171.8(C-7').
4-O-[(trans)-Caffeoyl]-quinic acid (C) (cryptochlorogenic acid)
HPLC; t R (min) 9. .5(C-7(α)), 145.7(C-8(β)), 166.1(C-9), Glyceric acid, 169.8(C-1'), 74.1(C-2'), 60.9(C-3').
Quercetin 3-O-[(6-O-rhamnosyl)-galactoside] (H)
HPLC; t R (min) 22. C-NMR(DMSO-d 6 , int TMS, 100 MHz): Quercetin, δ156.8(C-2), 133.5(C-3), 177.5(C-4), 161.4(C-5), 99.0(C-6), 164.5(C-7), 93.9(C-8), 156.7(C-9), 104.1(C-10), 121.3(C-1'), 116.4(C-2'), 148.6(C-3'), 144.9(C-4'), 115.4(C-5'), 121.8(C-6'), Glucose, 101.4(C-1), 76.6(C-2), 76.0(C-3), 70.2(C-4), 74.3(C-5), 67.2(C-6), Rhamnose, 100.9(C-1), 70.5(C-2), 70.7(C-3), 72.0(C-4), 68.4(C-5), 17.9(-CH 3 ).
Kaempferol 3-O-[(6-O-rhamnosyl)-galactoside] (J)
Pale 
Kaempferol 3-O-[(6-O-rhamnosyl)-glucoside] (K)
Novel compounds
The acid hydrolysis of 
Butein 4'-O-[2-O-(β-glucopyranosyl)-β-glucopyranoside]-4-O-β-glucopyranoside (G)
Bright yellow powder: UV: λmax(nm) in MeOH 365, 318, 260; +NaOMe 365, 318sh, 260; +AlCl 3 424, 382, 319, 269; +AlCl 3 /HCl 422, 382, 319, 269; +NaOAc 365, 318, 260; +NaOAc/H 3 45(d, J=1.7 Hz, 7.16(d, J=8.5 Hz, 7.30(dd, J=1.7, 8.5 Hz, 7.73(d, J=15.4 Hz, 7.87(d, J=15.4 Hz, 6.60(d, J=2.2 Hz, 6.66(dd, J=2.2, 8.8 Hz, 8.29(d, J=8.8 Hz, , Glucose A, 5.19(d, J=7.2 Hz, -d 4 ) . Based on the observed coupling constants, glucoses were assumed to be in the β-pyranose form. Based on the results analyses of their COSY spectra analysis, the characteristic methine proton signal [δ 3.52 (DMSO-d 6 ) and δ 3.69 (CD 3 OD-d 4 )] shifted to a lower magnetic field was assigned to the H-2 proton of glucose A (Fossen and Andersen, 2006) . This result indicated that the OH-2 of glucose A must be glycosylated with a sugar. The NOESY spectra (Fig. 2) , which is a newly identified flavonoid in plants ( Andersen and Jordheim, 2006; Harborne and Baxter, 1999; Grayer, 2008, 2011) . This structure was also confirmed by the analysis of its 
',4-O-di-[2-O-(β-glucopyranosyl)-β-glucopyranoside] (F)
Bright yellow powder: UV: λmax(nm) in MeOH 360, 311, 283sh, 259sh; +NaOMe 360, 278sh, 259sh; +AlCl 3 416, 368, 315, 267sh; +AlCl 3 /HCl 416, 364, 312, 265sh; +NaOAc 361, 313, 280sh, 259sh;  Hort. J. 87 (1): 140-148. 2018. 
